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P
reterm labour is the onset of regular
uterine contractions associated with
progressive cervical change between

viability and 37 completed weeks of
gestation. The incidence is between 5%
and 10% in most developed nations. In
the US, the incidence has increased from
9% to 12% in the past two decades.
Preterm delivery can be associated with
immediate and long-term neonatal com-
plications. Long-term morbidity includes
cerebral palsy, neurodevelopmental delay
and chronic lung disease. The neonatal

outcome is dependent on the gestational
age at delivery and associated features
such as infection. The lower the gesta-
tional age, the higher the risk of mortality
and morbidity. The management of pre-
term labour involves identification of
high-risk women, prevention and treat-
ment.

IDENTIFICATION OF AND
PREVENTION IN WOMEN AT RISK
The identification of women at high risk
of preterm delivery remains a major

challenge. Scoring systems based on
socioeconomic status, obstetric or medical
history and antenatal events in the index
pregnancy have shown a suboptimal
correlation with subsequent preterm
birth.1 This is primarily because the single
greatest risk factor is a history of preterm
labour, so delivery cannot be reliably
predicted in the first pregnancy. The risk
of preterm delivery after one and two
previous preterm deliveries has been
given as 15% and 41%, respectively1;
however, such figures are difficult to
apply to individuals as the risk is depen-
dent on the cause and the gestational age
of the previous preterm delivery.

Investigations such as fetal fibronectin
or cervical ultrasound can be used to
identify women at high risk. A positive
swab for vaginal fetal fibronectin taken in
the late second or early third trimester
increases the likelihood of delivery before
34 weeks by a factor of 4.2 Likewise, a
negative swab reduces the likelihood
of delivery to 0.78. Such results from
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meta-analysis include women both at
high risk and at low risk. A recent study3

in which testing at 24 weeks was
restricted to women at high risk has
shown a likelihood ratio of 11.8 and
0.48 for a positive test and a negative
test, respectively. Thus, fetal fibronectin is
a helpful indicator for subsequent pre-
term delivery.

There is also good evidence that mea-
surement of cervical length can be used as
a predictor. In a study of 2567 asympto-
matic women with singleton pregnancies,
cervical length measurement was taken
at 23 weeks gestation.4 The rate of pre-
term delivery below 32 weeks was 1%, 4%
and 78% for cervical lengths of .25 mm,
,15 mm and ,5 mm, respectively.
Cervical length also predicts preterm
delivery in high-risk women. A likelihood
ratio of 4.7 has been reported for preterm
delivery at ,35 weeks with a cervical
length ,25 mm in women with a pre-
vious cone biopsy.5 Furthermore, there is
evidence that a short cervix is associated
with earlier rather than late preterm
birth6 and that the mean cervical length
is shorter in women with a history of
preterm delivery.7

Although fetal fibronectin and cervical
length provide indicators of the risk of
preterm delivery, a subsequent change in
management (see below) has not been
shown to improve the outcome. For this
reason, routine identification of high-risk
women by fibronectin or ultrasound
screening is not usually undertaken out-
side clinical trials. In clinical practice, the
determination of risk, therefore, tends to
be based on obstetric history and man-
agement restricted to the identification
and treatment of bacterial vaginosis,
using progesterone or cervical cerclage.

Screening and treatment of bacterial
vaginosis
Bacterial vaginosis is a polymicrobial
condition associated with preterm deliv-
ery. Although there is little doubt that
women with bacterial vaginosis are more
likely to deliver preterm, there is con-
siderable debate regarding whether low-
risk women should be screened and
treated. A large study8 of low-risk women
with bacterial vaginosis found no signifi-
cant difference in the rate of preterm
delivery in those randomised to receive
metronidazole or placebo (12.2% and
12.5%, respectively). However, subse-
quent discussion has highlighted several
methodological considerations such as
whether the results would have been
different if women had been treated at
an earlier gestational age. The results of
this trial are in contrast with two smaller
studies9 10 that used clindamycin rather
than metronidazole as the active agent.

Both of these have shown a reduction in
preterm delivery associated with treat-
ment.

In contrast with the screening and
treatment of low-risk women, the data
are more consistent for those at high risk.
In a study of 624 high-risk women,11

treatment of bacterial vaginosis with
metronidazole and erythromycin was
associated with a marked reduction in
preterm delivery from 49% to 31%. Such
data are supported by another study12

that showed that metronidazole reduced
the rate of preterm rupture of the
membranes and delivery. A recent
Cochrane13 review on 5300 women from
13 trials concluded that only in high-risk
women did antibiotics reduce the risk of
preterm prelabour rupture of the mem-
branes and low birth weight. However,
there was no overall effect on the
incidence of preterm delivery.

Given the evidence available, it seems
reasonable to screen women for bacterial
vaginosis if they are at high but not at low
risk of preterm delivery. High risk essen-
tially means a history of or symptoms of
bacterial vaginosis. Treatment should be
given to those in whom a diagnosis is
made. Systemic metronidazole or topical
clindamycin has been the mainstay of
treatment for many years. However,
recent evidence14 suggests that adminis-
tration of metronidazole in women with a
positive fetal fibronectin may be asso-
ciated with a worsening of pregnancy
outcome, so the authors currently favour
topical clindamycin as the first-choice
treatment.

Progesterone
Progesterone promotes pregnancy and
uterine quiescence. There is extensive
evidence that withdrawal is associated
with the onset of labour in many species,
although such a process has not been
known to occur in women. Nevertheless,
administration of the progesterone
antagonist mifepristone can initiate deliv-
ery. This, and other data, supports the
concept that progesterone maintains
pregnancy in women. Administration of
progesterone for the prevention of pre-
term labour is therefore logical. There has
recently been renewed interest in the
administration of progesterone prophy-
laxis to women at high risk. The possibi-
lity that progesterone may be effective
was initially investigated .20 years ago,
although meta-analyses gave conflicting
results.15 16 In view of this, a further
analysis was done by Keirse,17 which
suggested that 17a-hydroxyprogesterone
caproate (17OHP), but not other proges-
tagenic agents, may be associated with a
reduction in preterm delivery in high-risk
women. The meta-analysis results were

largely ignored until two recent rando-
mised controlled trials of progesterone
were published.18 19 The larger trial18

randomised 459 women to receive intra-
muscular 17OHP or placebo (in a ratio of
2:1) until 37 weeks gestation. There was a
significant reduction in preterm deliveries
below 37, 35 and 32 weeks. There was
also a reduction in the rates of birth
weight ,2500 kg, intraventricular hae-
morrhage, need for supplemental oxygen
and necrotising enterocolitis, although
these were not the primary outcomes.
This trial provides good evidence that
17OHP administration can reduce pre-
term deliveries in high-risk women,
although the high rate of preterm delivery
in the placebo group and a number of
methodological considerations have led to
extensive discussion about the results.
Given that 17OHP was identified as the
effective progestational agent in the
Keirse meta-analysis,17 it is perhaps sur-
prising that natural vaginal progesterone
has also been reported to considerably
reduce the risk of early delivery in high-
risk women.19 Furthermore, recent data20

suggest that medroxy-progesterone but
not progesterone prevents inflammation-
induced parturition and intrauterine fetal
demise. The clinical studies are supported
by two recent meta-analyses that suggest
that both 17OHP and natural vaginal
progesterone reduce the risk of preterm
delivery in high-risk women.21 22 Thus,
there is good evidence that progestagenic
agents reduce the risk of preterm labour
in some high-risk women, but evidence
for improved neonatal outcome is pre-
sently inconclusive. Hence, given the
methodological concerns alluded to
above, it is reasonable to await confirma-
tion of safety and improved neonatal
outcome associated with progesterone
before routine administration.

Cervical cerclage
Elective cerclage may be indicated when
there is a congenital or acquired weak-
ness in the cervix that increases the risk
of late miscarriage or preterm delivery.
Historically, the diagnosis of cervical
weakness has been made on clinical
symptoms, usually painless dilatation of
the cervix or spontaneous rupture of the
membranes before the onset of labour in
the late second or early third trimester.
Unfortunately, there is little consensus on
which women will benefit from cerclage
and definitive evidence is often lacking.
The largest study to investigate the effects
of cerclage in high-risk women (based on
medical history) was the Medical
Research Council/Royal College of
Obstetricians and Gynaecologists
(RCOG) trial23 reported in 1993. This trial
showed that there were fewer preterm
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deliveries at ,33 weeks in women who
had cerclage and concluded that this
trend is indicated in women with a
history of >3 mid-trimester losses. The
method of this study has, however, been
questioned. Women were recruited only if
the obstetrician was unsure whether to
place a stitch. This means that if the
obstetrician considered that cerclage
would be helpful, the woman would not
have been recruited. Only those women
in whom the benefits were more border-
line were randomised. This means that
those women with the greatest potential
to benefit may not have been included.
Despite the difficulties in interpreting this
trial, it remains the largest and most
influential guide to clinical practice.
Attempts to clarify the situation by
meta-analysis of reported trials have not
been particularly helpful as there is
considerable heterogeneity in reported
outcomes24 25 and the Medical Research
Council/RCOG trial is the major contri-
butor to the data.

Recently, after the publication of a
number of supporting trials, there has
been a trend for cerclage in women
identified to have a short cervix on
midtrimester ultrasound.26 27 However,
differing trial methods make the studies
difficult to compare, and others28 have not
confirmed these promising results per-
haps owing to a difference in the patient
population. It has been suggested that
cerclage may be helpful if the cervix is
short in the subgroup whose history
suggests cervical incompetence. Cerclage
may not be helpful in those women who
have a short cervix without a history of
incompetence. Given this uncertainty, To
et al29 screened more than 47 000 women
at the routine second trimester scan. The
233 women with a cervical length of
(15 mm were allocated to cerclage or
expectant management. There were no
differences in the rate of delivery at
,33 weeks or in other outcomes between
the two groups. Thus, on current evidence
there seems to be little justification for
screening low-risk women by ultrasound
as cerclage does not improve the outcome
in those with a short cervix. However,
meta-analysis supports the above data, in
that there may be some value in screening
(and insertion of cerclage if the cervix is
short) in women with a history of cervical
incompetence.30 Our practice is not to
screen low-risk women by ultrasound, to
insert a cervical stitch in women with an
appropriate (albeit subjective) history,
and to confine ultrasound scanning to
women who decline elective cerclage.
We do not scan the cervix after cerclage
as there is no current evidence that
additional procedures will improve the
outcome.

The efficacy of different types of cerc-
lage has not been tested rigorously. Each
has its advocates. Transvaginal techni-
ques (McDonald or Shirodkar) differ in
the anatomical level of the cerclage. The
McDonald procedure places a purse-
string stitch in the stroma of the ectocer-
vix at the level of reflection of the vaginal
fornices. The Shirodkar suture requires an
incision in the vaginal mucosa, reflection
of the pubo-cervical fascia at the level of
the internal os which the suture to be
placed at the level of the cardinal liga-
ments. It has been suggested that the
Shirodkar suture maintains a functional
internal os which may be important for
efficacy, and that the buried knot
removes a potential focus of infection.
However, logically, if cerclage is effective,
it is unlikely to be due to the cerclage
preventing cervical dilation by mechan-
ical means. Preterm delivery or preterm
prelabour rupture of the membranes may
be prevented by lengthening the cervix,
thereby reducing the risk of ascending
infection. If the latter is true, there is no
reason to suppose that the Shirodkar
procedure is more effective as long as
the cervical length is >2 cm after cerc-
lage. Given that the Shirodkar suture may
be more traumatic, many obstetricians
will continue to favour the technically
easier McDonald procedure until addi-
tional evidence is available. It also seems
reasonable to reserve the more invasive
trans-abdominal procedure for the small
proportion of women in whom the
vaginal procedure is inappropriate.

TREATMENT
Management of preterm labour should be
directed towards establishing the cause,
ensuring delivery under optimal condi-
tions, and consideration of the pros and
cons of delaying delivery to increase gesta-
tional age. In practice, this means that
women admitted in threatened preterm
labour should be appropriately assessed to
determine the optimal time for delivery.
The presence of fetal compromise or
intrauterine infection can hinder prolong-
ing the pregnancy, whereas early gesta-
tional age and uncomplicated preterm
labour with intact membranes can mitigate
a delay in delivery. The decision should be
based on a risk–benefit analysis for each
individual. The main pharmacological con-
siderations are whether to administer anti-
biotics, steroids or tocolytics.

Antibiotics
Preterm delivery is often associated with
evidence of chorioamnionitis, and the
earlier the gestational age at delivery,
the greater the risk. However, it is often
not clear whether infection or inflamma-
tion is the cause or an effect of preterm

delivery. In women with uncomplicated
preterm labour without ruptured mem-
branes, the ORACLE trial failed to show
improved neonatal outcome31 with anti-
biotic administration. As this trial
recruited over 6000 women, it dominates
the subsequent meta-analysis32 and the
conclusions from the latter are therefore
similar. At present, antibiotics cannot be
justified for the treatment of preterm
labour in the absence of prelabour rup-
ture of the membranes. However, both
ORACLE31 33 and the subsequent meta-
analysis32 suggest that, if rupture of the
membranes occurs preterm before the
onset of labour, administration of ery-
thromycin is associated with prolongation
of pregnancy and improved neonatal
outcome. As an adverse effect of aug-
mentin on neonatal necrotising enteroco-
litis was noted, erythromycin seems a
logical first-choice antibiotic.

Steroids
There is good evidence suggesting that
antenatal steroids should be given to
mothers who have threatened preterm
labour to reduce the incidence of neonatal
respiratory distress syndrome, intraven-
tricular haemorrhage and perinatal
death.34 Discussion is ongoing about
whether they should be given at
,24 weeks or .34 weeks and, although
the RCOG recommend up to 36 weeks,35

most babies born at .34 weeks survive
without problems. The benefits of the
time interval between administration and
delivery being between 24 h and 7 days
have been shown,34 but there is probably
some advantage even outside these times.
Although an improved outcome has not
been shown in multiple pregnancies, the
current consensus is that steroids should
be given. Most clinicians give betametha-
sone, as a large observational study
showed a reduced incidence of periven-
tricular leucomalacia compared with use
of dexamethasone.36 Results of a rando-
mised, controlled trial of dexamethasone
and betamethasone are awaited.
Comparison of oral and intramuscular
administration has shown that, although
there was no difference in the incidence
of respiratory distress syndrom, the inci-
dence of neonatal sepsis and intraventri-
cular haemorrhage were greater in the
neonates of mothers receiving oral ster-
oids.37 Current recommendations are
therefore to give intramuscular beta-
methasone. A single course of maternal
steroids is associated with improved
neonatal outcome,38 and detrimental
effects have not been identified in fol-
low-up studies for up to 20 years.39

However, there are major concerns
regarding the effect of repeated courses
on neurological development, neonatal or
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maternal infection, birth weight, adrenal
suppression, maternal osteoporosis and
impaired glucose tolerance.40 41 Thus, a
single course of betamethasone should be
given to almost all mothers in threatened
preterm labour unless contraindicated or
delivery is imminent.

Tocolysis
Most authorities believe that tocolysis is
likely to be beneficial in uncomplicated
preterm labour, although this has not
been shown in clinical trials. Meta-
analysis of tocolysis compared with pla-
cebo or no treatment has shown a delay
in delivery and maternal side effects
associated with tocolysis but without
improved perinatal outcome.42 The reason
for the maternal side effects is concerning
and could be patient selection (those with
the potential for an adverse outcome may
not have been identified). The time
gained was not used to undertake mea-
sures that would improve the outcome
(eg the rate of steroid administration was
low at around 36%). Patients were
included at a gestational age at which a
delay in delivery was unlikely to provide a
measurable improvement in outcome.
There are insufficient large studies avail-
able to show an effect on the outcome.
Such reports have led to the publication
of guidelines that do not mandate toco-
lysis to delay delivery in uncomplicated
preterm labour.43 Despite such guidance,
most authorities administer tocolytics
either to delay delivery long enough to
allow steroids to have an effect or to
instigate other measures that are likely to
improve the outcome, such as transfer to
a unit with neonatal special care facilities.
Assuming that tocolysis is administered,
the question then becomes which drug
should be used. Guidelines from the
RCOG43 support the use of the calcium
channel blocker nifedipine or the oxyto-
cin antagonist atosiban.

Nifedipine
Nifedipine prevents the calcium influx
critical for myometrial cell contraction. It
is not specific for uterine smooth muscle
and is also commonly used to relax
vascular smooth muscle for the treatment
of hypertension. Although there are
neither placebo nor double-blind con-
trolled trials of nifedipine for the treat-
ment of preterm labour, fewer maternal
side effects and improved neonatal out-
come have been reported in women given
nifedipine rather than ritodrine.44 Meta-
analysis of the clinical trials45 that com-
pare nifedipine with any other tocolytic
(usually ritodrine) also provides evidence
for a delay in delivery, reduction in
deliveries at ,34 weeks and improved
neonatal outcome. Nevertheless, the

individual trials included in the analysis
have been extensively discussed as: (1)
high comparator concentrations of rito-
drine might have been used, leading to
patient withdrawal due to side effects; (2)
none were double blind; (3) many were
small; or (4) patients might have been
given ritodrine before the study and
rescue tocolysis used.

The issue of rescue is important as, if
preterm labour continues, a second drug
may be administered. This means that
outcomes cannot be assessed readily—for
example, normally, if preterm labour is
not suppressed by the experimental drug,
there will be an increase in the rate of
delivery. However, if for example, indo-
methacin (an effective tocolytic) was
given as rescue, this could prevent deliv-
ery or cause side effects, making inter-
pretation of maternal and perinatal
outcomes meaningless. Thus, although
the clinical trials and meta-analyses of
nifedipine suggest that the drug is effec-
tive and may improve the outcome, the
results should be interpreted with an
understanding of the methodological
limitations of the included trials.
Recently there have been reports of
serious maternal side effects associated
with administration of calcium channel
blockers,46 47 although a causative link
cannot be assumed. Despite the quality
of the available evidence, reports of
improved outcomes have led many clin-
icians to administer nifedipine as their
first-line treatment for uncomplicated
preterm labour.

Atosiban
Atosiban is an analogue of oxytocin that
inhibits activity at oxytocin and vasopres-
sin (V1a) receptors. Given reports of
increased oxytocin at the onset of
labour,48 it represents a logical treatment
for preterm uterine contractions. Large
placebo-controlled and double-blind
comparator trials have been performed
to investigate the effectiveness of atosi-
ban for the treatment of preterm labour.49

However, as with the nifedipine trials,
rescue tocolysis has often been used,
mandating the composite outcome of
‘‘delivery or use of alternative tocolytic’’.
Some secondary outcomes cannot there-
fore be accurately assessed for the reason
discussed above.

A large placebo-controlled, double-
blind trial of atosiban50 analysed 249
women in threatened preterm labour in
each of the placebo and atosiban groups.
There was no marked difference in the
primary outcome of time to delivery or
therapeutic failure, although the number
of women undelivered and not requiring
an alternative tocolytic was significantly
higher at 24 h, 48 h and 7 days in women

who received atosiban. This trial recruited
more women at very early gestational
ages to receive atosiban and this is likely
to have caused an increase in fetal/infant
death in the atosiban group. An adverse
effect of atosiban on this outcome has not
been observed in other trials.

There have been three large studies
comparing atosiban with b sympathomi-
metics,51–53 and these have also been
published as a pooled comparison.54 The
pooled study analysed data on 362
women who received atosiban and 379
who were given b sympathomimetics. The
primary outcomes were effectiveness and
safety. The results showed that there was
no difference in the proportion of women
who delivered after 2 or 7 days, or in
neonatal or infant outcomes. There were,
however, marked differences in maternal
side effects and the rate of drug disconti-
nuation due to adverse effects, both of
which favoured atosiban. The composite
outcome of efficacy and tolerability (ther-
apeutic failure) was considerably better in
the atosiban group at 2 and 7 days for
singleton pregnancies. Taken together,
these studies show that atosiban is as
effective as b sympathomimetics, without
the maternal side effects.

Large clinical trials to compare atosiban
with nifedipine are awaited. There have
been two smaller trials of 8055 and 63
women each,56 randomised to receive
nifedipine or atosiban. Neither drug was
shown to be significantly superior, albeit
that the trials may have been under-
powered.

Meta-analyses57 of the atosiban data
have been undertaken to compare out-
comes with placebo or comparator and, in
an indirect comparison, have been
reported for nifedipine.58 These failed to
show improved tocolytic efficacy or infant
outcomes with atosiban compared with
placebo or comparator. Nevertheless, the
validity of the conclusions has been
questioned, partly because of the difficul-
ties in comparing outcomes in trials with
rescue treatment. Overall, given that large
placebo and comparator trials have been
undertaken, atosiban is licensed in
Europe, and there are few concerns
regarding maternal safety, the data have
been taken by many clinicians to justify
the cost of atosiban and use it as the first-
line treatment for threatened preterm
labour.

CONCLUSION
Preterm labour is a multifactorial condition
associated with a high risk of morbidity
and mortality, particularly at early gesta-
tional ages. Prevention is directed towards
identification of women at risk and com-
prises screening and treatment for bacter-
ial vaginosis, insertion of cerclage in
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appropriate women, and consideration of
progesterone prophylaxis. The treatment of
established preterm labour should be
directed towards identifying those women
in whom a delay in delivery is likely to be
beneficial and those in whom it may be
deleterious in terms of neonatal or infant
outcome. Although there is little hard
evidence that tocolysis improves the out-
come for the baby, most obstetricians treat
threatened uncomplicated preterm labour
in order to administer steroids or transfer
the mother to an appropriate hospital.
Current guidelines support treatment with
nifedipine or atosiban, both of which have
their advocates. Our recommendations are
to treat threatened, uncomplicated preterm
labour with an oxytocin antagonist to
delay delivery for steroid administration
or transfer to an appropriate unit for
delivery. Given that a single course of
steroids should be given, we believe there is
no indication for subsequent retreatment.

Arch Dis Child Fetal Neonatal Ed 2007;92:F88–
F93.
doi: 10.1136/adc.2005.082289
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